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Biological Effects of Agriculturally Derived Surface Water Pollutants
on Aquatic Systems—A Review '

C. M. Cooper*

ABSTRACT

Environmental manipulations and other human activities are major
causes of stress on natural ecosystems. Of the many sources of surface
water pollutants, agricultural activities have been identified as major
contributors te environmental stress, which affects all ecosystem com-
ponents. In water, agricultural contaminants are most noticeable when
they produce immediate, dramatic toxic effects on aquatic life al-
though more subtle, sublethal chronic effects may be just as damaging
over long periods. Aquatic systems have the ability to recover from
contaminant damage if not seriously overloaded with irreversible pol-
lutants. Thus, contaminant loading level is as important as type of pol-
lutant. Although suspended. sediment represents the largest volume of
aquatic contaminant, pesticides, nutrients, and organic enrichment are
also major stressors of aquatic life. Stream corridor habitat traps and
processes contaminants. Loss of buffering habitat, including riparian
zones, accelerates effects of poliutants and sheuld be considered when
assessing damage to aquatic life. Protéction of habitat is the single most
effective means of conserving biological diversity. Current available
management practices and promising new technology are providing so-
lutions to' many contaminant-related problems in aquatic systems.

IN NATURE there is tremendous diversity of both  hab-
itats and organisms. In unpolluted natural systems,
the distribution of organisms reflects environmental lim-
its — temperature, dissolved oxygen concentrations, light,
substrate, nutrients, and other factors. Substrate makes
up a major component of aquatic habitat. The diversity
of habitats that occurs in nature represents opportunities
for adapted organisms to thrive. In diverse natural sys-
tems with different habitats and niches, communities of
animals and plants have developed and have formed self-
balancing systems. These concepts are important when
discussing the effects of pollution on aquatic life because
pollution in an aquatic system seldom affects a single
species of organism. When directly affecting one organ-
ism, pollution indirectly affects others by shifting the
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balance of nature, e.g., changing predator-prey balance.
Additionally, pollution can also alter habitat or environ-
mental parameters, thus affecting species or communi-
ties and changing balance.

Aquatic systems can be arbitrarily broken into two groups:
primary receivers and secondary receivers. The primary
receivers include wetlands, small streams, and impound-
ments that receive runoff and contamination directly from
the land. As a result of high concentrations of contaminants
from direct inflow, these systems may suffer both acute
and chronic effects from pollutants. The secondary receiv-
ers include those downstream rivers and larger lakes that
receive inflow from multiple tributaries as well as limited
direct runoff. Acute effects of pollution in these water bod-
ies are noticeable, but difficult-to-measure chronic prob-
lems are more likely to occur.

Agriculture is:a major contributor of pollution in the
USA. In a recent assessment of lakes cross the country,
the USEPA found that 25% of more than 12 million lakes
surveyed in 34 states were impaired or partially im-
paired, and 20% were threatened by pollution mainly
from nutrients and sediments (USEPA, 1989). State re-
ports showed- that 76% of the pollution entering lakes
originated from nonpoint or undescribed sources, 11%
came from point sources, and 12% was from natural
sources. Although several other sources were major con-
tributors, agriculture was listed as the ‘most frequently

cited source. States also reported that agricultural non- -

point sources caused 64% of river water quality degra-
dation, and pesticides have adversely affected almost 5000
water bodies in 609 of the 3137 counties surveyed. Wells
(1992) quoted USEPA and USDA saying, *“Agricultural
stresses, largely from excess nutrients, sediment and pes-
ticides affect 58 percent of impaired lake acres, 55 per-
cent of impaired stream miles and 21 percent of impaired
estuarine systems”” in the USA.

STRESSES AND EFFECTS

Although all organisms are adapted to their environ-
ments, natural environments periodically stress organ-

Abbreviations: LC, lethal concentration; BOD, biochemical oxy-
gen demand.



COOPER: BIOLOGICAL EFFECTS OF SURFACE WATER POLLUTANTS 403

isms that inhabit them. Tidal movements create stress

twice daily in estuarine and rocky shore habitats. Runoff

from natural rainfall can increase stream discharge to the
‘point of causing bed movement. Ephemeral streams
undergo an annual cycle of desiccation stress. Aquatic
life has adapted to these normally encountered stresses,
but is not, in many cases, adapted to additional imposed
environmental stresses caused by pollution. Some im-
posed stresses are similar to natural ones, but many are
foreign to the aquatic environment. Consider, for ex-
ample, low dissolved oxygen. Naturally occurring low
concentrations of dissolved oxygen can be found in aquatic
habitats such as those draining extensive wetlands with
high organic matter. In a lJow-oxygen environment, fish
react by pumping more water over the gill surfaces. When
toxic pollutants such as Cu are introduced, an additional
stress is created at a critical time. When dissolved oxy-
gen is low and fish pump more water over the gills, they
absorb more Cu, which leads to higher metal poisoning
during periods of dissolved oxygen stress. Ecosystem
complexity results in multiple causality and synergy of
multiple stresses acting in the ecosystem simultaneously.

For example, researchers have isolated at least 18 in-'

duced stressors working in the Green Bay, WI, ecosys-
tem (El-Hinnawi and Hashmi, 1987). Stressors make
orgahisms susceptible to disease and parasites (Wede-
meyer et al., 1976). Over a dozen common fish hatchery
diseases are stress-mediated (Wedemeyer and Wood,
1974). Many definitions of pollution have been pro-
posed; each hinges on something that changes natural
conditions and causes unnatural stress (Hynes, 1960;
Holdgate, 1971). Although thermal pollution may mimic
water flowing from a hot spring, it is heated water out
of place. Edwards (1972) presented a practical defini-
tion, saying that pollution is the “‘release of substances
or energy into the environment by man in quantities that

damage either his health or his resources.”

AGRICULTURAL INPUTS AND IMPACTS
o Sediments )
Instream suspended sediments and bedload are, by

volume, the largest pollutants in the USA (Fowler and
Heady, 1981). The Mississippi River carries 331 million
t of topsoil to the Gulf of Mexico annually (Brown, 1984).
In primary receiving streams, suspended material and
bedload scour epiphytic communities (organisms that in-
habit the sediment surface) and reduce community pro-
ductivity, sometimes by drastic proportions. Some aquati¢
communities can adjust to sedimentation; others cannot.
In an early study of English lakes, Pearsall (1917, 1918)
found that some macrophytes can survive in disturbed
areas. Pearsall noted that Isoetes was easily smothered
by sediment deposition because it apparently could not
aiter its root level. In many instances, it was replaced
by Potamogeton perfoliatus during increased silting. In
the Weaver Bottoms study, Fremling et al. (1976) doc-
umented that increases in sedimentation rates accom-
panied alternations in flow patterns from dredging in the
Mississippi River. This combination destroyed plant and
animal communities of the marsh, leaving a barren,
windswept body of shallow, unproductive water. In unst-
able streams of the loess hills of northern Mississippi,
increased discharge from large storm events initiates

bedload movement, including sand and gravel, and de-
stroys the periphyton community and benthic inverte-
brates. Almost no aquatic plant communities form because
of excessive sediment loads. Since such movement causes
a scour—aggradation cycle, it destroys or buries repro-
ductive habitat for fish, resulting in reproductive failure
(Cooper and Knight, 1987).

Benthos and fish are the two most frequently used
biotic indicators for aquatic stress. Tebo (1955) showed
that high rates of sedimentation reduced benthos, both
by mortality and drift. Gammon (1970) documented
changes in invertebrate and fish populations in a small
stream where sediment load from a crushed limestone
quarry was measured. When sediment load increased so
that sediments accumulated, benthic populations de-
creased by 60%. Densities varied from 10 750 organ-
isms/m? above the quarry to 86 organisms/m? below the
quarry. Reed (1977) found that siltation from highway

* construction in Virginia decreased the number of inver-

tebrate and fish species by 23% and the number of or-
ganisms by 40%. Cooper conducted a series of evaluations
on the effects of suspended sediments on nonmobile in-
vertebrates. He studied an 83 km long stream in an in-
tensely cultivated agricultural watershed and found that
bryozoans, especially the environmentally sensitive Pec-
tinatella magnifica, progressively disappeared in down-
stream areas with degraded habitat and increased total
solids (Cooper and -Burris, 1984). Cooper also docu-
mented that sediments were detrimental to stream ben-
thos by eliminating sediment-sensitive organisms during
periods of sediment deposition, especially the more sen-
sitive larval ‘stages. Benthic productivity was limited
mainly by lack of suitable substrate because of accu-
mulation of fine sediments (Cooper, 1987). He then tested
mortality of three species of sessile invertebrates and
found that the invertebrates could withstand high con-
centrations of suspended sediments (>1000 mg/L) for
brief periods but that mortality rates increased rapidly
with time (Fig. 1.and 2). The 96 h LCs, (lethal concen-
tration to 50% of the population) was 200 to 750 mg/L
for the sponges and bryozoans (Cooper, 1988). .

In lakes and reservoirs, suspended sediments can limit
primary productivity of algae. While some “‘low light”’
phytoplankton require “‘shaded”” conditions (Tilzer et al.,
1976), the growth of most limnetic algae are dampened
by light reduction from suspended sediments. Depth of
light penetration into the water column is also reduced
by suspended sediments, shrinking the photic zone. In a
long-term water quality study of Lake Chicot, AR, Cooper
et al. (1991) compared a large {(south) lake receiving
drainage from a. 930 km? agricultural watershed with an
isolated (north) third of the lake, which received only
ephemeral inflow from a predominantly agricultural wa-
tershed of <100 km?. Mean suspended sediments for the
flow-through south lake were 208 mg/L for the period
1980 to 1985. For the isolated north lake, they were 47
mg/L. While ¢hlorophyll cycles represented the results
of many variables, phytoplankton production was limited
seasonally in the main basin by suspended sediments. In
a typical year light was limited by suspended sediments
in the_south lake so that phytoplankton production was
dampened despite excessive nutrients. As sediments were
removed from the water column in mid-June and early
July, light penetration increased (Stefan et al., 1983) and
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Fig. 1. Concentration mortality plots for the poriferan,
(100% = 5017 mg/L) (after Cooper, 1988).

MONTHLY MEAN TOTAL CHLOROPHYLL
IN LAKE CHICOT, ARK. 1976-1984
600

500}

400
MG

300 F 4
!
|

200

100}

76 77 78 79 80 81 82 83 84
YEAR

ISOLATED BASIN MAIN BASIN

Fig. 2. Concentration mortality plot for the bryozoans Plumatella
repens and Pectinatella magnifica for 96 h exposure to

suspended sediment (100% = 1000 mg/L) (after Cooper,
1988).

chlorophyll concentrations also began to increase (Fig.
3). In the north lake where sediments were not normally
a problem, chlorophyll peaks were generaily associated
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Fig. 3. Chlorophyll and sediment concentrations for the main
body and the isolated north basin from 1976 to 1984.

with spring and fall turnover or summer temperature
maxima, and peaks were stimulated by storm events.
North basin fisheries were outstanding. Conversely, pri-
mary productivity in the main basin seldom approached
potential, and the fish community was composed mainly
of less desirable species of scavengers.
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Sediment deposition can have a major detrimental ef-
fect by degradation or total loss of habitat. Reelfoot Lake,

Tennessee, contained 20 250 ha when it was formed in

1811 by an earthquake. It now has only 7300 ha and
may be filled in 50 yr (Batie, 1984). While successional
filling is the fate of all lakes, natural lake life is generally
measured in thousands of years. '

NUTRIENTS

Nutrients from agriculture represent a second contam-
inant group that affects aquatic life. Crop lands are major
contributors since a requirement for satisfactory crop
production is nutrient availability, which is normally ac-
quired by commercial fertilizer application. Runoff from
confined feeding operations is an additional rural con-
tributor (Loeher, 1984). In urban areas, excessive fertil-
ization of lawns and sewage discharge can be significant
contributors of nutrients (Weibel, 1969).

Plant growth in water is limited by some physical or
chemical factor. Sunlight provides energy for aquatic
plants. Availability of P and N generally limits growth
in fresh waters, as it does in crop production (Vollen-
weider, 1968). Conversely, excessive P and N contribute
to growth of plants in water. Eutrophication, the result
of excessive nutrients, is not necessarily good or bad. In
proper context, it is a natural phenomenon. However,
accelerated cultural eutrophication that does not allow
for functional water use and shortens lake life generally
can be traced directly to human activity (Hutchinson,
1957).

Excessive plant growth from eutrophication creates
several problems. The blanketing effects of macrophytes
and algae can alter faunal species composition because
of physical changes in habitat. Some algal species as-
sociated with eutrophication produce toxins. Respiration
of plants depresses dissolved oxygen at night and even
during daylight if light penetration is reduced. Decay of
plant biomass can have the same effect as large inputs

of organic matter, further reducing oxygen. Thus, ex-.

cessive plant growth can deplete oxygen concentrations
below the 4 mg/L limit for warmwater fishes and result
in fish kills (Wedemeyer et al., 1976). Oxygen depletion
is probably the greatest source of stress associated with
eutrophication. Short-term deficits may be readily- ob-
servable as with fish kills, but long-term reductions may
have even more drastic results. These latter deficiencies
create shifts in benthic communities and alter the primary
consumer level of aquatic life (Cooper, 1980). Some
nutrients are directly toxic to aquatic life. Ammonia (NH;)
from livestock waste may be toxic to fishes at levels as
low as 0.02 mg/L, especially at high pH. values.

Nutrient concentrations in streams are closely related
to land use (Omernik, 1977), but streams, as primary
receivers, are influenced many times by overriding phys-
ical factors. Stream characteristics such as slope, depth,
current velocity, canopy, and stream order may deter-
mine phytoplankton density regardless of nutrient avail-
ability.

ORGANIC CONTAMINATION

Excessive organic wastes are among the oldest and
most widespread forms of water pollution. Organic wastes

have a high proportion of solids, which can rapidly blan--

ket benthic habitat. The development of profuse growths

of “‘sewage fungus,’> a community of heterotrophic mi-
croorganisms, is a characteristic indication of organic
contamination (Hellawell, 1986). The most noticeable
consequence of organic contamination is its effect on
dissolved oxygen concentrations in water and sediments.
Large amounts of organic matter from animal wastes
provide a greater BOD (biochemical oxygen demand)
than an aquatic system can supply oxygen for, resulting
in an ““oxygen-sag.”’ Nutrient loading is frequently as-
sociated with organic enrichment, resulting in a com-
pounded problem. Natural waters commonly have a BOD
of 0.5 to 7 mg/L (Klein, 1959), whereas chicken wastes
may have a BOD of 24 000 to 67 000 mg/L (Weller and
Willetts, 1977). When organic matter exceeds the ca-
pacity of a system to assimilate it, a degradation cycle

“ begins. Initially, the enhanced level of organic material

stimulates increased activity of aerobic decomposers.
When the rate of oxygen consumption by aerobic de-
composers exceeds the rate of reaeration, dissolved oxy-
gen concentration begins to fall, and some species are
climinated. If the dissolved oxygen decline continues,
aerobic decomposers cease to function and anaerobic or-
ganisms populate the sediment and the water.

The significance of low dissolved oxygen reaches be-

"yond changes in species composition because oxygen

concentration affects chemical reactions. Ammonia pro-
vides an example. Under aerobic conditions, nitrifying
bacteria are dominant, and ammonia is converted to ni-
trite by bacteria (Nitrosomonas sp.) and then to nitrates
by Nifrobacter sp. In this cycle, toxic ammonia is oxi-
dized to readily available nutrients. Under anaerobic
conditions denitrification usually occurs by other bacteria.
such as Thiobacillus denitrificans (Abel, 1989).

PESTICIDES AND METALS

Pesticides have played a major role .in the world’s
struggle against food shortages and vector-borne dis-
eases. Our society and economy would be radically dif-
ferent without them. However, pesticides present a
continuing problem of contamination. The lethal effects
of pesticides have been well documented since toxicity
testing is necessary before a pesticide can be registered
for general use. In many cases documentation of per-
sistence or biotic uptake of currently used pesticides has
been limited to initial preregistration testing and has not
included impact from repeated use. With long-term use,
pesticides are more likely to be present in low but con-
sistent levels (Cooper, 1991) and may pose unknown,
sublethal problems. Approximately. 200 million Kkilo- .
grams of pesticides were applied to the 10 major field
crops in the. USA in 1988 (Anonymous, 1989). Often
less than 0.1% of pesticides applied to crops actually
reach the target organisms (Pimental and Levitan, 1986).
That leaves more than 99% of applied material to be
degraded or potentially contaminate air, soil, or water.
While actual contamination is lower, many pesticides
can be traced from application sites. Ten years after ap-
plication, organochlorine insecticides remained detecta-
ble in soils, wetlands, lake water and sediments, and fish
in Moon Lake watershed in Mississippi (Table 1). Re-
sidual insecticide concentrations were significantly higher
in aqueous-sediment phases of surface waters during the
winter—spring wet season than during dry season. Sig-
nificantly increased concentrations in runoff suggest the
magnitude of the DDT source that remains in watershed
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Table 1. Concentrations ef DDT and ioxapheneT residues in
major watershed components in Moon Lake, Mlss15s1ppl and
its watershed (after Cooper and Lipe, 1992). _ L

Component DDT " Toxaphene

R ng/ke
Soil ; 369.31 ( 0-6406.93) 734.01 ( 0-7377.72)
n=69 . SD + 981.19 SD + 1099.22°
Wetland 212.84 ( 0~ 568.14) Not detected
n=20 SD x 176.07 (
Sediment 235.45 ( 0 - 650.80) 12, 42 (2.6 — 35.80)
n=45 - "~ SD 't 158.90 - 'SD %= 11.56
Water . 0.11 (0-1.0) . 0.01 ( 0-0.40) . .
n=255. - . SD % 0.11 . SD % 0.06
Fishi 243.96 (80 — 463.0) Not determined
n=28 SD + 114.03 - = .

t Toxaphene = chlorinated camphene containing 67 - 69%.chlorine.
§ Mississippi Department of Wildlife, Fisheries and Parks.

soil (mean = 369 pcg/kg) and emphasnzes the: 1mportance
of watershed management on long-term ecosystem qual-
ity. Also in Moon Lake, pestncldes in current yse that
rapldly degrade were found in water, sediments, and fish

(Cooper, 1991). Permethrin [m»phenoxybenzyl cis, trans-

(%)-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane-
carboxylate], fenvalerate [alpha cyano-3-phenoxybenzyl
2-(4-chlorophenyl)-3-methylbutyrate}, and methyl para-
thion [0,0-dimethyl O-(p- nitrophenyl) phosphoro-
thioate] were found in water, wetland, and lake sediments,
and fish during and after spray season. Anderson (1982)
documented behavioral changes or death in freshwater

invertebrates at surface water concentranons as low as -

0.022 ug/L for fenvalerate and 0.03 ug/L for permeth-

rin. He found that the range of accumulated fenvalerate - -

in snails was 177 to 1286 times greater than water con-
centration. Some insecticides in current use not-only ac-
cumulate, they can be as toxic as and often more toxic
than banned organochlorines. Parathion and malathion
have approximately the same acute toxicity (LCs,) as
DDT (1,1,1-trichloro-2,2-bis(p-chlorophenyl)-ethane] to
cladoceran Crustacea in the genera Daphnia and Simo-
cephalas (Sanders and Cope, 1966).

Herbicides have received less environmental research
attention than insecticides because of their lower acute
toxicity to animals. Although off-site problems from her-
bicides have rarely been documented in aquatic systems,
residues of several frequently used herbicides are com-
mon in agricultural drainages. Baker and Richards. (1989)
found atrazine [2-chloro-4-(ethylamino)-6- (1sopropylam-
ino)-s-triazine], alachlor [2-chloro-2’,6’-diethyl-N-
(methoxymethyl)acetanilide], and metolachlor [2-chloro-
N-(2-ethyl-6-methylphenyl)-N-(2-methoxy-1-methyle-
thyl) acetamide] routinely in Ohio streams during a 4-yr
study of a corn (Zea mays L.) and soybean [Glycine max
(L.) Merr.] producing area, but they found no incidences
of adverse effects from herbicides on aquatic animal
communities or human health. Long-term- exposure to

atrazine at 0.7 mg/L for several months produced no

mortality among bluegills (Lepomis macrochirus) (Ma-
cek et al., 1976). However, bluegills began to lose their

equilibrium at 0.2 mg/L, spawning was reduced in fat-
head minnows (Pimephales promelas), and brook trout
(Salvelinus fontinalis) fry grew more slowly than nor-
mal.

Chronic toxicity effects on aquatic communities from

low levels of herbicides are difficult to-detect. Some
herbicides reduce primary productivity by being toxic to
phytoplankton. Others produce indirect effects when ‘ex-
tensive organic matter from dead plants uses available
oxygen. When' aquatic herbicides are used to destroy
aquatic macrophyte communities, the change in_habitat
results in major alterations in community structure.

The first modern pesticides were metals, specifically
As and Hg. The earliest widespread arsenical insecticide
was paris green, a vibrant pigment that was 40% As
(McEwen and Stephenson, 1979). It was first used against
the  Colorado potato beetle (Lepmotarsa decemlineata)
in 1865. Since it was highly toxic to animals and plants,
it was replaced by lead arsenate before 1900. Mercury
was historically used as a seed treatment and fungicide.
Unlike synthetic pestlcldes, metals do not degrade; they
may oxidize or be bonded in chemical reactions, but they
do not dlsappear Mercury was used until 1985, and As
is still applied in limited quantities. Both are found in
low concentrations as naturally occurring’ elements, but
increased levels in stream and lake sediments in agn-'
cultural regions are cause for environmental concern

- SOLUTIONS

Agrlcultural water quality. priorities must include so-
lutions to problems of surface water pollution inputs and
resolution of downstream problems. Solutions to surface
water problems caused by agriculture center around best.
management practices and.sound land use policy. Land
use policy should dictate that land be used only within
the capacity. to support agricultural -production without .
abuse. Sediment-related contamination is best prevented
by-a seriés of practices that either prevent erosion or trap
sediment. These include cover crops, various degrees of
conservation tillage, grassed waterways, terraces, filter
strips, riparian zones, contour farming, and water and-
sediment control basins. Mutchler and McDowell (1990)
evaluated winter cover crops for cotton (Gossypium hir-
sutum L.) land. They found that annual soil loss was
reduced from 74 t/ha-yr to 20 t/ha-yr and runoff was
reduced from 48 .to 26% of total runoff when winter
cover crops were established. Dendy and Cooper (1984)
measured a 77% sediment trapping efficiency for a 1.09
ha farm pond, Wthh dramed a mixed pasture—row crop
watershed.

Aquatic habitat is also degraded by sedlmcnts from
channel banks and beds in unstable streams. Grissinger
et al. (1990) suggested that better than 80% of the total
sediment yield for Goodwin Creek in northern Missis-
sippi originates as channel and gully erosion. Construc- -
tion efforts used to stabilize stream channels can also be
used to replace lost or degraded habitat. Cooper and
Knight (1987) found that grade control structures. in
northern Mississippi provided stable, quality habitat that
resulted in improved stream ecosystems in unstable
streams. The structures added vital reproductive habitat
and a supporting community of food organisms. Knight
and Cooper (1990) evaluated different rock placement
configurations used for stream training and stabilization.
They reported that transverse stone dikes or groins en-
hanced habitat in unstable streams so that treated stream
reaches were comparable to natural reaches in both num-
bers and weight of fish. Scour holes associated with
transverse dikes did not affect fish production directly,
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but provided additional areas capable of supporting more
fish and larger fish as well as associated food commu-
nities.

- Duttweiler and Nicholson (1983) estimated that 1.16
million t of P and 4.65 million t of N are discharged
with runoff and sediment from North American crop-
lands. Many of the management practices that reduce
sediment loads help reduce nutrients. Proper application
following soil testing can reduce potential N discharge
by 35 to 94% (Anonymous, 1979). Farm ponds and im-
poundments can trap more than 70% of the nutrients that
flow into them (Cooper and Knight, 1990) from agri-
culture or pasture. Schofield et al. (1990) evaluated dairy
farming practices to identify those having the greatest
impact on water quality. They documented that dairy
yard and parlor washing caused the most significant de-
terioration of downstream water quality. Constructed
wetlands are a rapidly spreading technology that can fil-
ter and process waste from confined livestock operations
like milking parlor washoff. Cooper (1992, unpublished)
found that three constructed wetland cells removed 91%
of ammonia, 62% of total organic P, and 76% of BOD
when coupled behind an anaerobic lagoon during their
first season of operation at a dairy farm.

Instream and reservoir techniques for reducing nu-
trient impacts are limited because of economic realities.
Fortunately, natural processes such as uptake by plank-
ton and adsorption by sediments reduce surface water
nutrient levels, and nutrient impacts are lessened when
supplies are reduced. Krumholz and Minckley (1984)
recorded marked improvement in water quality and fish
population in the upper Ohio River only 11 d after the
closure of steel industries. Apparently, clean water fish
moved into the river from nearby unpolluted habitat as
rapidly as water quality improved. Riparian zones reduce
surface nutrient inputs and also use nutrients from the
shallow groundwater that contributes lateral flow streams
(Lowrance et al., 1984). In an ongoing USDA study of
a river system in Mississippi, channelized tributaries with
little or no riparian buffer zones had two to three times
the annual nitrate concentration of natural stream reaches
with wetland or riparian buffers in 1989 to 1991 (Cooper,
1991, unpublished).

Organic wastes and pesticides as pollutants are much
like nutrients in that once they enter aquatic waters, little
can be done to lessen their effects. Organic wastes must
be degraded on site by such management practices as
constructed wetlands and soil incorporation for enrich-
ment purposes. Although some pesticides degrade rap-
idly, metals used in pesticide formulations will remain
in the environment for the foreseeable future. This forces
us, as caretakers of our natural resources, to use agri-
cultural chemicals with care, observing all cautions and
to continue to search for innovative approaches for use
in application and degradation.

In evaluating common ‘agricultural contaminants and
their effects on aquatic systems, alteration or destruction
of habitat and results of toxic contamination are the two
largest problems. Likewise, these are the two areas where
we can make the most progress in restoring aquatic sys-
tems or preventing future contamination. To successfully
protect downstream water resources including their biota,
our objectives must encompass watershed management
in addition to stream and lake oversight.
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